I NTROOU CT I ON
The significance and implications o f U.S. dependence on what are considered s t r a t e g i c materials have received increasing a t t e n t i o n recently. These are materials that have widespread essential use i n m i l i t a r y and i n d u s t r i a l hardware, are not found o r produced i n the U.S.
i n s u f f i c i e n t q u a n t i t y t o meet the demand, and are l i k e l y t o be subject t o i n t e r r u p t i o n s i n supply because o f t h e actions o f c a r t e l s o r p o l i t i c a l a c t i v i t i e s . A number o f the i n d u s t r i a l l y important metals can be c l a s s i f i e d as s t r a t e g i c materials, but those o f greatest concern are chromium, cobalt, manganese, tantalum, t i n , and t h e platinum metals, p a r t i c u l a r l y platinum i t s e l f . A Maimoni and Borg (1981, 1982) .
comprehensive, a u t h o r i t a t i v e review of t h e i n s t i t u t i o n a l and technical issues involved i n defining the U.S. p o s i t i o n w i t h respect t o these s t r a t e g i c materials has been published by
Possible domestic sources o f s t r a t e g i c metals t h a t have not been explored i n d e t a i l previously are (1) the waters from geothermal w e l l s t h a t are now under a c t i v e development, (2) the brines produced during the leaching of s a l t domes on t h e U.S. Gulf Coast f o r s t r a t e g i c o i l storage, and (3) waters from geopressured-geothermal we1 1s under investigation f o r methane recovery. Even though t h e concentrations o f s t r a t e g i c metals i n these waters may be low, t h e very large volumes o f f l u i d t h a t are processed and now disc economical hydrometallurgical e x t r a c t i o n techniques can also be devised.
ed make them a t t r a c t i v e resources, especially if
Several hydrothermal geothermal f l u i d s , p a r t i c u l a r l y the high-temperature, h i g h -s a l i n i t y brines, are known t o be r i c h i n minerals (Cosner and Apps, 1978; Shannon, 1978) , and i n t e r e s t i n geothermal mineral recovery along w i t h power generation has been slowly growing (Maimoni, 1982; Raber et al, 1981; Crane, 1982; Wei, 1982 Precautions were taken to avoid contamination and to insure stability of the samples prior to analysis, and where possible, each metal was determined by two or more independent analytical facilities or techniques. The p r i n c i p a l techniques o f analysis were f i r e assay and neutron a c t i v a t i o n analysis f o r t h e precious metals, and d i r e c t spectroscopic analysis'of the f l u i d s f o r t h e other elements. W e also I.
conducted a preliminary study o f the use o f a reductive r e s i n f o r the e x t r a c t i o n of metals from t h e h i g h -s a l i n i t y brines.
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FLUIDS SAMPLEU AND METALS DETtKMINED Table 1 l i s t s the various sources o f the samples o f water examined i n t h i s study. The p r i n c i p a l c h a r a c t e r i s t i c s of these w e l l f l u i d s have been documented elsewhere i n studies dealing w i t h each site. It i s o f i n t e r e s t i n t h e present work t o note t h a t they ranged from the SPR brines, which were saturated i n s a l t (~2 6 % Total Dissolved Solids), t o those of very low dissolved solids (e.g., Wen No. 1, ~0.1%). The Sweet Lake geopressured b r i n e and the Elmore No. 2 geothermal brines also are h i g h -s a l i n i t y f l u i d s (15022%). The downhole temperatures o f the f l u i d s range from t h e nearly ambient temperature o f the SPR brines, through t h e r e l a t i v e l y low temperature geothermal waters such as Wen Elo. 1 (117"C) , our to the extremely hot (358OC) Hawaiian well HGP-A.
Because o f our multielement a n a l y t i c a l c a p a b i l i t i e s and those o f subcontractors, a number o f elements were determined i n each water sample. However, the p r i n c i p a l elements o f i n t e r e s t were the f o l l o w * s t r a t e g i c metals : Chromium (Cr), cobalt (Co), manganese(Mn) tantalum (Ta), t i n (Sn), and platinum (Pt). Among t h i s group, t i n i s the l e a s t c r i t i c a l . Because they are o f special i n t e r e s t i n geothermal mineral recovery, gold (Au), s i l v e r (Ag), and l i t h i u m (Li) were also determined.
Vanadium ( V ) and niobium (Nb) were added t o our l i s t on the basis of c c r i t i c a l i t y and, respectively, low stockpile l e v e l and high import r e l i a n c e (Maimoni and Borg, 1981) . Strontium (Sr) also has a high import reliance, but from a r e l a t i v e l y s t a b l e source, Mexico (Maimoni and Borg, 1981) ; t h i s metal was includea p r i m a r i l y because i t s concentration i s generally r e l a t i v e l y high and easy t o measure i n natural brines. 
I n t h e case o f the SPR Sulphur
Two types o f primary sample containers were used, selected t o minimize contamination and l o s s o f t r a c e elements by adsorption (Robertson, 1968 (Robertson, , 1972 . One was a 4 -l i t e r , l i n e a r (high-density In addition, promptness o f stabilization of the sample was important; it is possible that some species may precipitate or be adsorbed on precipitates during filtrations and be lost.
Evaporation of Brines
To prepare the samples for fire assay, portions of the high-salinity brines were evaporated to the dry salts using the apparatus shown ih All of this apparatus was cleaned with 10% HN03.
Reaction o f Waters w i t h Amborane Resin
Each o f the waters except t h e Sweet Lake geopressured b r i n e was reacted w i t h Rohm and Haas Company hborane-355 reductive r e s i n (Rohm and b Haas, 1980; Manziek, 1982) . A weighed p o r t i o n o f %32 g of Amborane was added t o one o f the 4 -l i t e r b o t t l e s o f water immediately a f t e r sampling a t t h e wellhead and mixed thoroughly. The mixture was agitated n a t u r a l l y . i n t r a n s i t t o the Lawrence Livermore National Laboratory; subsequently, the b o t t l e s were placed on r o l l e r s and subjected t o additional mixing f o r 4 hours. A t l e a s t one week elapsed between t h e time o f f l u i d sampling and f i n a l f i l t r a t i o n o f t h e resin.
The Amborane r e s i n was removed from t h e waters by vacuum f i l t r a t i o n through a 110-mm, coarse Teflon f i l t e r i n a polypropylene Buchner funnel. The r e s i n was rinsed w i t h water several times and d r i e d under vacuum i n the funnel. The f i n a l weights o f each r e s i n sample prepared i n t h i s manner ranged from 34-72 g.
leached w i t h 10% HCl and the funnels cleaned with 10% Hb03.
P r i o r t o use, t h e Teflon f i l t e r s were Standard Sol u t i o n Preparation
Standard solutions of platinum, gold, and s i l v e r were prepared from, respectively, Spex No. AQPT-3-100 spectrographic standard solution,
Marz-grade Au wire, and reagent-grade AgN03 s a l t . Aliquots o f these solutions were added t o various synthetic brines prepared t o ascertain t h e recovery obtained i n the evaporation/fire assay and the r e a c t i o n with Amborane resin. In each o f these experiments, 4 -l i t e r batches of synthetic b r i n e prepared from U l t r e x o r reagent-grade NaCl and K C l were spiked with t h e appropriate q u a n t i t i e s of t h e Pt, Au, and Ag solutions.
-a
Chemical Analysis Procedures
The precious metals Pt, Au, and Ag were each determined by several methods. One technique involved a f i r e assay (Beamish and Van Loon, 
1977) o f t h e evaporated s a l t s from t h e h i g h -s a l i n i t y brines. I n t h i s
technique, f o r highest s e n s i t i v i t y , P t and Ag were collected i n Au and measured, respectively, by emission spectrography and atomic absorption spectrophotometry. Gold was determined by c o l l e c t i o n i n Ag followed b y c atomic absorption spectrophotometry. The Amborane r e s i n beads were also subjected t o a f i r e assay f o r Pt, Au, and Ag a f t e r roasting i n a i r . The f i r e assay determinations were performed by Ledoux and Company o f
Teaneck, New Jersey.
The samples were also surveyed f o r s t r a t e g i c metals by neutron a c t i v a t i o n analysis (&inn, 1971) . General A c t i v a t i o n Analysis o f San
Diego assayed a l l o f the l i q u i d samples f o r Au and P t using the f o l l o w i n g procedure. The samples p l u s comparator standards were i r r a d i a t e d f o r 30 min. i n a TRIGA Mark I nuclear reactor a t a f l u x o f 1.8 x 10 2 n/cm -sec.
A f t e r a decay o f 3 days they were wet-ashed i n t h e presence o f Au c a r r i e r . Gold was then separated as the element and counted w i t h a Ge( L i ) detector coupled t o a multichannel gamma-ray spectrometer.
Au-198 and Au-199 isotopes thus measured i n t h e i r r a d i a t e d sample corresponded t o the Au and Pt, respectively, i n t h e o r i g i n a l water sample. S i l v e r i n the Elmore No. 2 b r i n e was determined by d i r e c t l y counting a sample o f the o r i g i n a l , i r r a d i a t e d b r i n e a f t e r a delay of 3 months .
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The 1 -Manganese, Sr, Co, V, and L i were determined by inductively-coupledplasma emission spectrometry (Peck, e t al, 1979) . Tin, Cr, Nb, and Ta were determined using a Spectrametrics, Inc. DC-Plasma Spectrospan system. Table 2 summarizes-the r e s u l t s o f the analyses o f the c o l l e c t e d R waters for a l l o f t h e elements o f i n t e r e s t except t h e precious metals, Uu, Ag and Pt. For a l l o f the f l u i d s , the concentrations o f Co, Sn, Cr, and V were very low o r undetected a t the parts-per-million level. No bib o r Ta was found either, b u t the detection l i m i t s f o r these elements were r e l a t i v e l y higher, especially f o r the h i g h -s a l i n i t y brines where spectral interferences and other matrix e f f e c t s make these determinations less sensitive. Separation o f t h e Nb o r Ta p r i o r t o measurement appears t o be required f o r a more accurate analysis a t t h e l e v e l s t h a t may exist.
RESULTS AND DISCUSS I O N

Non-Precious Metals Analyses
Strategic Petroleum Reserve brines are generally devoid o f i n t e r e s t i n g concentrations o f a l l o f the metals sought, i n c l u d i n g the precious metals.
As has been evident from previous studies and compilations o f data b The (Austin, e t al, 1977; Cosner and Apps, 1978; Maimoni, 1982; Shannon, 1978) , t h e higher s a l i n i t y geothermal and geopressured-geothermal ( K a r k a l i t s and Hankins, 1981; Kharaka, e t al, 1979) brines do contain s i g n i f i c a n t concentrations o f L i and Sr. L i t h i u m has been t h e subject o f e f f o r t s i n mineral recovery a t the Cerro Prieto, Mexico, f a c i l i t y where i t s f l u i d concentrations are also high (Mercado, e t al, 1979) . W survey of the r e s u l t s o f the analyses o f t h e f l u i d s o f a number o f w e l l s i n t h e Salton Sea KGRA (Austin, e t a l , Cosner and Apps, 1978; Shannon, 1978) shows t h a t the concentration o f Sr i s i n the range o f 300-500 ppm.
Interestingly, the somewhat lower-sal i n i t y geopressured-geothermal b r i n e s concentrations o f Mn i n the Salton Sea KGRA brines, i n the range o f have stimulated several recent mineral recovery studies (Crane, 1982; Farley e t al, 1981; Maimoni, 1982; Schultze and Bauer, 1982) . As noted i n Table 3 , three types o f blanks were subjected t o analysis. One was a 20% s o l u t i o n o f ACS reagent-grade NaCl; one was a s o l u t i o n t h a t was 15% i n NaCl and 4% i n KC1, both o f which were Ultrex-grade salts, and one was a sample o f P a c i f i c Ocean water obtained several m i l e s o f f the C a l i f o r n i a coast. 
o f t h e blanks determined i n t h i s manner.
As shown i n Table 3, the experiment with the standard revealed that 0 concentrations o f Ag, Au, and P t 2-3 times the background l e v e l s were e a s i l y detected. This standard, i n a d d i t i o n t o t h e spiked amounts o f Ag, Au, and Pt, contained 14% U l t r e x NaCl and 3% U l t r e x K C l t o simulate a h i g h -s a l i n i t y brine. Recovery values f o r t h e standard are %loo%, %loo%, and %50%, respectively f o r Ag, Au, and Pt. However, these values must be regarded w i t h some uncertainty because o n l y one standard was analyzed. Among the f i r e assays o f these brines, only the r e s u l t f o r P t i n Llmore No. 2 i s s i g n i f i c a n t l y higher than t h e l i m i t of detection.
. As the primary assay o f the l o w -s a l i n i t y geothermal f l u i d s , and as a second, independent analysis of the h i g h -s a l i n i t y brines, the samples were also analyzed d i r e c t l y by neutron a c t i v a t i o n analysis. As described above, t h i s technique i s a highly-selective c a r r i e r p r e c i p i t a t i o n t h a t separates the Au and P t from the other constituents p r i o r t o measurement.
concentrations of Au would i n t e r f e r e w i t h the P t determination.
I t i s extremely s e n s i t i v e f o r Au, and only high
The concentrations o f Au and P t i n the f l u i d s that were calculated from t h e r e s u l t s obtained by neutron a c t i v a t i o n analysis are l i s t e d i n Table 4 . As i n t h e f i r e assay, about one-half o f these analyses were performed on d i l u t e d brine, and the values l i s t e d i n Table 4 have been detection values were also calculated f o r these data as described f o r t h e f i r e assays, and these r e s u l t s are also l i s t e d i n Table 4 . For most of these analyses, the concentrations of Au and P t were less than the inherent detection l i m i t s of the r a d i o a c t i v i t y counting technique.
Correcting
o r 0.06 ppb Au f o r the R a f t River No. 1 water and 51 ppb P t f o r t h e Elmore No. 2 brine; The l a t t e r r e s u l t thus tends t o confirm the f i r e assay value f o r P t i n t h i s brine. The lower value f o r P t obtained by evaporation/fire assay, 12 ppb, could have come from losses i n t h e extensive sample processing involved i n t h i s procedure; analysis of t h e x standard f o r P t also d i d not y i e l d a q u a n t i t a t i v e recovery. (Austin, e t al, 1977; Cosner and Apps, 1978; Shannon, 1978) . This r e s u l t i s i n agreement w i t h a study conducted a t S R I International (Farley e t al, 1981) , which showed t h a t many previous analyses o f such brines by d i r e c t AHS without ' background correction may be i n e r r o r due t o matrix interferences.
investigators found a value o f 20 ppb f o r Magmamax No. 1 b r i n e a f t e r dithizone/solvent extraction. Thus, although Ag i s indisputably an important constituent o f t h e high-temperature scales (Austin, e t al, 1977) and sludges (Featherstone and Powell, 1981) formed by t h e Salton These i Sea KGRA brines, i t s concentration i n t h e f l u i d i t s e l f may not be as high as previously believed.
I n t h e present study, each o f t h e l o w -s a l i n i t y waters (EM6-2, C7SB7,
HGP-A, RRl, RH3, and bll) were analyzed by d i r e c t AAS, but no s i l v e r was found above t h e l i m i t o f detection o f 20 ppb.
Amborane Resin Extractions
Experiments were performed t o determine whether the precious metals could be extracted from the brines using a resin, Amborane-355, which i s Specific f o r elements low i n the electromotive series, i.e., those t h a t are r e l a t i v e l y easy t o reduce t o t h e metals. The r e s i n i s a polymeric amine-borane resin, and i s a r e l a t i v e l y m i l d reducing agent, thus i s q u i t e s e l e c t i v e f o r gold, s i l v e r , and the platinum metals (Rohm and Haas, 1980; Manziek, 1982) . Our experiments had a twofold objective. F i r s t , if the r e s i n proved effective i n t h e case o f our brines, the e x t r a c t i o n a' f would a f f o r d a preconcentration f o r the f i r e assay and thus a much greater s e n s i t i v i t y i n t h e o v e r a l l analysis. I n addition, i f t h e e x t r a c t i o n recovery proved high, the r e s i n might be considered promising i n 1 arger-scal e mineral recovery processes
The r e s u l t s o f the reducti ve-resin metal recovery experiments are given i n Table 5 f 
o r , t h e various f l u i d s t h a t were sampled. A p o r t i o n of
t h e as-received r e s i n was also submitted as a blank for the fire-assay analysis. Because the weight o f r e s i n used was +30g, and the q u a n t i t y of o r i g i n a l f l u i d contacted was 2-4 kg, a p o t e n t i a l preconcentration factor of 4 0 0 was operative. Table 4 ). Note t h a t although t h e other two methods detected platinum i n t h e Elmore No. 2 brine, none was recovered i n t h i s r e s i n recovery experiment. The large preconcentration f a c t o r y i e l d s a f a i r l y good o v e r a l l s e n s i t i v i t y f o r P t Uu, and %0.05 ppb P t i n the solution. The r e s u l t s are summarized i n Table 6 .
The e f f e c t i v e mean blank values and l i m i t s o f detection were also calculated f o r t h i s method as described above and these values are also l i s t e d i n Table 5. The only r e s u l t f o r a water t h a t exceeds the LOU i s t h a t f o r gold i n Cos0 Hot Springs 7587. c o r r e c t i n g f o r t h e blank y i e l d s a concentration o f 27 ppb; however, t h i s r e s u l t was not confirmed by t h e neutron a c t i v a t i o n analysis o f t h i s water (see
There was reasonably good recovery under a l l conditions f o r Ag and Au, and e x c e l l e n t recovery f o r Pt. There were no replicates, thus t h e
s t a t i s t i c a l u n c e r t a i n t i e s are unknown, but i t appears t h a t the metal recoveries are not p a r t i c u l a r l y s e n s i t i v e t o pH o r c h l o r i d e concentration. e q u i l i b r a t i o n time might have had an e f f e c t on t h e recovery o f Pt, another experiment was done w i t h aged Elmore No. 2 b r i n e i n which the Because i t was thought i n i t i a l l y t h a t the resin/brine
r e s i n was allowed t o contact t h e b r i n e f o r o n l y 1 hour before f i l t r a t i o n . However, the concentration o f P t reported f o r the r e s i n from 7r . . t h i s experiment was not s i g n i f i c a n t l y above t h a t o f t h e blank.
There s t i l l remains the question o f whether t h e Amborane r e s i n can e x t r a c t t r a c e amounts o f the precious metals, p a r t i c u l a r l y Pt, from the r e a l brines. As Manziek (1982) has shown, P t i s s e n s i t i v e t o reoxidation, and our simulated brines lacked one constituentof r e a l brines, iron, which might be capable o f e f f e c t i n g t h i s reaction. The would be required t o confirm such a reaction, and i f important, steps I n any event, f u r t h e r experiments could be taken i n mineral recovery processes t o avoid allowing aeration o f t h e f l u i d i n t h e f l o w system.
COMPARISON OF ANALYTICAL METHODS
I t i s o f i n t e r e s t t o compare i n more d e t a i l the s e n s i t i v i t i e s o f t h e three a n a l y t i c a l methods t h a t were used t o measure t h e concentration of
precious metals i n the water samples. Table 7 summarizes, f o r each o f the techniques, and each o f t h e precious metals, t h e mean blank, i t s standard deviation, and a l i m i t o f detection (LOU), calculated as described above. Also l i s t e d i s t h e calculated l i m i t of q u a n t i t a t i o n (LOQ), which i s defined as a l e v e l above the blank ten times the standard deviation o f t h e blank (ACS Committee, 1980; Koch, e t al, 1982) .
For the f i r e assays o f t h e evaporated solids, t h e LOD and LOQ values were calculated f o r a t y p i c a l h i g h -s a l i n i t y brine, i n which evaporation would r e s u l t i n a concentration f a c t o r of c5.
Amborane resin, a preconcentration f a c t o r o f 100 was assumed. The neutron a c t i v a t i o n analysis technique i s assumed t o be applied d i r e c t l y t o t h e o r i g i n a l water samples, some o f which were d i l u t e d i n our study. For platinum, t h e large preconcentration f a c t o r afforded by the r e s i n extraction, together w i t h t h e high s e n s i t i v i t y o f t h e f i r e assay w i t h spectrographic f i n i s h , make t h i s technique, i n theory, the most sensitive. A l i m i t of detection of *2 ppb appears possible, and was v i r t u a l l y achieved i n t h e recovery studies w i t h synthetic brines (see Table 6 ). This f a c t , however, begs t h e question of why the platinum
detected i n t h e Elmore No. 2 b r i n e by the other two techniques was not removed by t h e r e s i n extraction. Be t h a t as i t may, neutron a c t i v a t i o n analysis w i t h c a r r i e r p r e c i p i t a t i o n emerges as more a t t r a c t i v e i n the present a p p l i c a t i o n because o f i t s greater s i m p l i c i t y and adequate s e n s i t i v i t y . Of course, there i s a wealth o f other t r a c e analysis
techniques in t h e l i t e r a t u r e t h a t may also be s u i t a b l e f o r determining these precious-metals, and as mineral recovery receives increasing emphasis, these a l t e r n a t i v e s should be investigated.
.
CONCLUSIONS n
The p r i n c i p a l finding of t h i s i n v e s t i g a t i o n i s the presence o f P t a t
) .
a concentration o f *50 ppb i n a Salton Sea KGRA geothermal b r i n e from the w e l l Elmore No. 2, This i s most probably r e l a t e d t o hydrothermal a l t e r a t i o n s o f t h e surrounding country rocks, although i t i s speculated t h a t these brines are a combination o f magmatic and meteoric o r i g i n .
Platinum was detected by two d i f f e r e n t a n a l y t i c a l techniques: f i r e assay Comparison o f c a p a b i l i t i e s o f a n a l y t i c a l methods i n t h e detection and determination o f precious metals i n brines [metal concentrations i n mg/kg (ppm)] 
